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SUVEARY

Tests have been made in lLangley tank no. 1 of a dynamic model
of the Consolidated Vultee PE2Y-3 airwmlane. These teets were mads
using an albternate hull form, the ourpose of which was to reduce
the tow spray and eliminate the launding instability which are objection-
able features of the production design. The major differences from
the PB2Y-3 hull included a deeper sten to improve the landing stability,
and a lengthered forebody and increased beam to reduce the srray in
the nrc“ellers and on the flaps.

The tests showed that the srray characteristics of the revised
hull form were much better than that of the producztion design. 1In
eddition the take-off and landing statbtility of the model with the
alternate hull were satisfactory.

INTRODUCTION

The tests described in this report were made to determine the
hvdrodynamic characteristics of a nrorosed alternate form of hull
for the Consolidated Vultee PB2Y-3 airwlane. This hull was designed
to eliminate the more objectionable landing instability inherent in
the production design of the airnlane, to reduce the bow soray,’ and
to imorove the take off stability at forward positions of the center
of gravity. '

The mpjor differences from the FE2Y-3 airmlane incliude a deeper
step to improve the landing stability, a lengthened forsbody and
increased beam to reduce the svray in the proveller and on the flaps,
end e more forward vosition of tke xain sten. The lines for the new
hull nere derived from a streamline body of revolutior.
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Tests of = 1/B—size model were made to determine the take-off
end lending stability and the spray characteristicss at gross loads
corresponding to 76,000, 86,000,and 96,000 pounds, full size.
Comparisouns are made with similar results for a 1/@-size model of the
production design (langley tank model 165) and for a 1/6-size model
of the production design with increased length of Lull (langley tank
model 1654-~1). - .

These htests were reguested by the Bursau of Aeronautics, Havy
Densrtment in their letter to the Committes, Aer-E-23-FZ, C-T7E8Q03,
€-9218%, VPB2Y-3/Fi13-1, 05hil of isrch 18, 194%, and were made in
Langley tank no. 1 during Sevptemter I1SLL.

DESCRIPTION O MODEL

The model, designeted in the Langley tank as model 161, is
a l/B—size, powered, dynamic model of a modified PE2Y~3 airplane.
The model was designed and constructed at the langley laboratory.
Imoortent dimensions of the model are given in Tatle I, togsther with
the dimensions of a subsequent modificetion, designated model 161ls-1.
Photogrephs of models 161 and 161A-1 are shovn in figure 1l. A body
nlen of model 1614-1 is shoan in figure 2. :

The dimensions of & 1/B~size model of the production design of
the PE2Y-3 (model 165) and those for the same model with lengthened
hull (model 1654-1) are also insluded in table I. 4 complete
descriotion of these models is given in reference 1.

wodels 141 and 16la-1 are compared in figure 3, models 1€lA-1
and 155 ic figure L, models 1£1l4~1 and 165a~1 in figure 5, and
models 165 and 165A-1 in figure 6.

The wing, nrovellers and propeller blade angle of modsls 161
and 1€1A-1 were the same as those of model 165. A single tail
arrangement was used instead of the twin tail arrangement of
the PB2Y-3.

APTARATUS AND ©ROCEDURE

Aerodynamic tests.- The effectivce thrust was measured at oonstant
speed With the model inm the eir at a trim of 0°, The effeotive thrust
of model 181A~1 with & propeller blade angle of 8° at 3/h radius and
an rpm of 6900 is shown in figure 7 together with the scals thrust for
the full size TB2Y-3. (See refercnce 1.)

]
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The aerodynamic 1ift and ~itchinz moments with and without power
were measured with the model in the air at a height above the water
sufficient to allow cleararce at e trim of 16°. The model was towed
at & constant sveed of anvroximately L0 feet per second. Aerodynamic
l1ift and pitohing-motkent coefficients are vreseunted in figures & and 9.
The pitching moments are referred to & location of the center of
grevity of 2l rercent mean aerodynamic chord. The stabilizer was
set -&Y to the base line. With this setting the serodynamic pitching-
moment cosfficients, with reutral elevetors, approximated those of ’
model 165, reéferernce 1.

Hydrodynamic tests.- The trim and total resistance of model 1614-1,
without Dover, were measured at the design load, »ith two élevator
settings, for speeds unm to tale-off. The trim limits of stability
were destermined at constant sreeds to teke~off. (The definition of,
and method for determinine these limits, are given in reference 2.}

The varletion of trim with snerd during take-off at warious
nositions of the center of gravity was determined at a constant rate
of acceleration of 1 foot rer seocond ver second. The tests wers
made at three gross loads and thres deflections of the elewvator.

The loads tested and the corresmonding full-size loads are given in
the following table: :

Yodel load 1 Full-size load
(1) { 1b)
Wr.5 76,000
166.5 : €€,00D
186.0 ' 9€,000

From the trim tracks the variation of maximum smnrlitude of Dorp0151ng
with rositioa of center of gravity wes determined for the tnree gross
loads at asutral and -25° elevators (takineg usutral elevators for
forward vositicns of the center of gravity and -25° ¢levators for after
nogitions of tke center of gravity). F%rom this, the variation of range
of stable positiors of the certer of zravity with chenge in gross

load was determined, assuming 2° amnlltuda of vorveising as the
asceotable condition.

Still and motion wictures wers taken of the bow spray at various
loads and sveseds. The behavior of tre modecl during lanﬂlnz was
racorded hy motion victures.

“
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RESTLTS AND DISCUSSION

During prelirinary tests of model 161, violent unper-limit
norcoising was encountered. It was found that 1f the norwvoising was
allowed to build up to & sufficiently lsrge amolitude, the model
noroolssd hetween the uower and lower trim limits and rezovery by
use of the elevators was nobt always possible. An undesirable flow
of water over the tail extension was noted during landings, and at
landing trims above 10° the model encountered the upper trim limit
and norvnoisei. An increase in the depth of-step did not eliminate
these undesirable characteristics and further tests on model 161 were
discontinued. The afterbody and tail extension of model 161 were
modified and »reliminary tests to determine a satlsfactory devth of
stev were made., The final cornfiguretion, shown in figure 1, was
designated as model 1l6élA-1, and complete tests were made with this
nodel.

Characteristics. of model 1ElA-1.~ Photogravhe of the srray in
the nropéllers of model 16la~1 for three gross.loads are shoun in
figure 10, The speeds at which svray enters and 2lears the wronellers
for various gross loads is shown in figure 1ll. The spray character-
istiss of the model were considered to be satisfactory up to the
heavriest load tested; which corresnonds to & full-size gros= load

of 26,000 nounds.

The variation of trim with speed at three gross loads and three
elevator settings with several certer -of-gravity locations is shown
in figure 12, The variation. of the maximur ammlitude of mor—olsing
with rosition of bthe zenter of zravity for the three gross loads
tested is shown in figure 13, The variation of the range of stabls
vogitions of the center of gravity with ochange in gross load is shown
in figure 1llj. From this figure it can be seen that at & gross load of
76,000 pounds, stable take-offs with ncutral elevators were nossible
at nwositions of the center of gravity aft of 26 percent mean aero-
dynemic chord, and with up elevators at wcsitions of the center of
gravity forward of 20 percent.

¥odel 16ih-1 was steble or landing, and the depth of step was
considered satisfactory with regard to btoth stability and resistance.
The trim limits of stability for model 1é1A-1 are presented in
figure 15. The resistance and trim of modsl 1¢&1A-~1 at the design
load and at two elevator settings are nresented in figure 16, together
vith similar data for model 1&54~1.

Comparison of models 1£€1la-1, 165 and 165i-l.~ From otservation
and study of okotograrths it appears that the spray through the oropellers

2
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of model 1614~1 is much leses severe than the suyray through the nrovellers
of wodel 165. The svray tkrough the rrovellers of models 1€1a-1
and.1654-1is an-roxirately the sams in volume and durat%on.

~omparisons of the raage of stable vositions of the center of
eravity with gross load for wodels 15li-7 and 1€5A~1 is wresented in
fPigure 1. The ranpge of stable positiors of the center of gravity is
Purther forward for modsl 1€1a-~1 than for model 165a-1, tut within the
accurecy of the tests the soread between the forward and aft limits is:
ap-roximately the seme for both models.

it can be seen from figure 1€ that at hump sneed the resistances
and trims of models 16li-1 and 16,«~1 are avrroximately the same. At
speeds beyond the hump however, they are higher for rodel 1€1la~1 than
for model 165A~-1.

SO SLTEIONS

1. The svray characteristics of model J€1A-1 were setisfactory up
to & load corresronding to & full-size gross load of 96,000 vounds.
The soray through the rrovellers of model 1{li-1 waes much less severe
than the spray through the provellers of model 1£5, and approximately
the same as the svray through the vrotellers-of medel 1£5a-1.

2. At 2 load corresponding to a full-size gross load of 7€,9C0
pounds stable take-offs of model 1€ls-1 with ueutral elevators were
possible at vositions of the center of gravity aft of 26 perzent mean
aerodvnammic chard, and with uc elevators at positions of the center of
gravity forward of 23 percent. The range of stable positions of the
center of gravity was further forward for model 1414-1 than for model
1654-1, and the extent wes sowprozimatsly the same.

%2, ¥odel 161A-1 was stable on landing, as was model 1£5A-1.
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lie The huvnw resistance of model 161A-) was avnroximately the same
as that of model 1654~1, but at sveeds beyond the hump, the resistance
of model 1614-1 wes rrester than that of model 1€5A-1.
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TABLE I

Model Model Model Model
161 161a-1 165 165A-1
Hull:
Maximum beam, ifle « « « o s « o « « o 18,76 18,76 15.75 15.75
Beam at st6D, INe « + « « ¢ s « ¢ o « 18,16 18,16 15.75 15.75
Angls of dead rise at step, deg « . «. 20 - 20 22.5 22.5
Angle of forebody kesl, deg + « » « 1.3 1.3 1.0 1.0
Angle of afterbody keel, deg .+ ¢« « « 5.7 5.0 6.25 6.85
Iength of forebody, in. to centroid
for models 165 and 1656~1 . . « « . 57.79 57.79 Lé.36 57.32
Length of afterbody, in. to centroid
for models 165 and 1654-1 . . « . . 40.36 40.36 35.20 L3.72
Length of forebody to point of step, in. =-== ~-~-= lg.39 60.35
Length of afterbody from point of
BEET, iMe + o ¢ o o o « ¢ o o 32.17 Lo.&
Over-elllength, in. « « o« & 139,50 139.50 118.50 130.90
Length~beam ratio « « « « & 5.2 5.18 6,42
Forebody-afterbody ratio . 1.3 143 1.32  1.31
Type of 866D « & « o « o« & Trans. Trans. 309-V 30°-V

Depth of step at centroid, percent
beam o o « o o o s ¢ 2 o ¢ ¢ 4 ¢ o mmm—= ————- 3-2 7-2
Depth of step at keel, vercent beam . 8.0 10.7 5.5 9.7

b
&

Wing (same wing used for all models)

Areea, sg PL o 6 o 4 @ 6 ¢ o o s ¢ 0 o ¢ 4 « o ¢ s 2708
Span, N6 o ¢ o o ¢ ¢ o o ¢ ¢ ¢ » = « & & 2 8 & s a 172-5
Root chord, ifle « « + o s ¢ 8 s ¢ ¢ ¢ ¢ o o & ¢ « « 30,0
TiD Chord, in, ¢ ¢ & ¢ ¢ & ® ® & . ¥ & s 8 & e s o 16-5
dngle of wing sebtiing, dég + « ¢ ¢« « ¢ &+ ¢« o « « & 3
Iength, mean serodynemic chord, ine « « « « « « « « 2429
Propellers (same propellsrs used for all models)

Diometer, ifle « o o o« o ¢ ¢ ¢« s « o« 6 ¢ o o « « « &« 19,5
Kumnber of propellers .« « « « « o s o ¢« o o« o » « &« L
Blades per proneller « « « ¢ s o « o s s o o o o s 3
Piteh at 3/ radius, deg + ¢« « ¢ « o ¢ s« s« » + « » 8
Thrust line, angle to base line, deg . + + » .« . 0

NATIONAL ADVISCRY
COMMITTEE FOR ABRONAUTICS
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FIGURE LEGENDS - Concluded

Figure 1ll.- Model 161lA-1. Speeds at which spray enters and clears
the provellers at various gross loads. &p = 20%; 8¢ = 0°;
propeller speed 6300 rpm.

Figure 12.- Model 161A-1l. Variation of trim with speed for various
elevator deflections and positions of the center of gravity.
Propeller rpm 6900; 6 = 209; 8 = -6°.

(a) Ag = I47.5 1b
Figure 12.- Mcdel 161A-1, Continued
(b) Ao = 166.5 1b
Figure 12,- Model 1614-1. Concluded
(e) Ay = 186.0 1b
Figure 13.- Models 1l61A-1, 165, and 165A-1. Variation of maximum
g?piizg%? of porpoising with position of center of gravity,

Figure 1lli.- Models 1614-1 and 165A-1. Variahion of stable range of
center of gravity vositions with gross load:. §f = 20°.

Figure 15.- Models 161a-1, 165, and. 165A-1. Comparison of trim
1imits of stability, Ay = 147.5 pounds; B&f = 20°; propeller
rpm. 6900, . ) : T

Figure 16s= Models 1614-1 and 165A-1., Free-to-trim resistance without
poweTs Ag = 147.5 pounds &f = 20°; center of gravity 28 percent
meen &erodynamio chord. S
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PIGURE LEGENDS

Figure l.- Models 161 and 16lA-1l. Side-view photographs.
Figure 2.~ Model 161A-1, body plan,

Figure 3.~ Models 161 and 16l4-1.

Figure L.- Models 16lA-1 and 165.

Figure 5.~ Models 1614-1 and 1654-1,

Figure €.~ Models 165 and 165A-1.

Figure 7.- Model 161A-1. Effective thrust at propeller speed
of €900 rpm. Blade angle, 8° at 3/l radius; trim 0°.

Figure 8.~ Model 16lA-1. 4derodynamic characteristics with power
off; 8p = 20°; &g = -6°,

Figure 9.~ Model 161A-1. Aerodynamic characteristics with power on. .
Blade angle, 8° at 3/4 radius; €900 rpm; 6p = 20°; &5 = -6°.

Figure 10.- Model 161A-1l. Spray in propellers. 20° flaps; 0° elevator
(a) Speed = 7.5 fps
Figure 10,~ Model 1614-1. Continued.
(b) Speed = 10.0 fps
Figure 10e- Model 1614-1, Continued.
(c) Speed = 12.5 fps
Figure 10Q.- Model 161A-1. Continued.
(d) sneed = 15.0 fps
Figure 10.- Model 161A-1. Continued.
(e) Sveed = 17.5 fps
Figure 10.~ Model 1614-1. Coneluded,

{(f) Speed = 20.0 fps
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Ay = 147.5 1b. 7 = 3.5° Ap = 16645 1b, T = 3,6°
Power on Power on

AO = 18640 1b. 7 = 5-00
Power off

]

Figure 10.- Model 161A-1. Spray in propellers. 20° flaps; 0° elevator

Ay, = 186.0 1b, 7 = 3.4°
Power on
(a) Speed = 7.5 fps
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A, =

147,.5 1b, v = 4,8° Ag = 166.5 1b. 7 = 5,1°
Power on Power on

186.0 1b. 7 = 5.0° Ap = 186.0 lb. T = 7.6°
Power on Power off

(b) Speed = 10.0 fpe

Sy

Flgure 10.- Model 161A-1. Contlinued.
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Ao ® 147.5 1b. 7 = 5.7° A, = 16645 1lbe 7 = 6.1°
Power on Power on
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A, = 186.0 1b. T = 6.5° Ag = 186.0 1b. 7 = 8.0°
Power on Power off

(c¢) Speed = 12,5 fpe Jn.
Figure 10.- Model 161A-1. Continued.
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147.5 1b. 7 = 7.5°
Power on

AO = 16605 1b- r =2 7070
Power on

186.0 1lb, 7 = 7,70
Power on

Ag = 186.0 1b, 7 = 9,9°
Power off

wal—

(d) Speed = 15.0 fps

Plgure 10.~- Model 16lA-1. Continued.

. MATIONAL ADVISORY COUMTT " FOR *° Amete

*oN WY VOVN

98191



Ap = 147.,5 1b, T = 8,6° Ay, = 166

«5 1b. 7 = 8.8°

Power on Power on

Ao = 186,0 1b, T = 9.5°

(e) Speed = 17.5 fps

Flgure 10.~- Model 1614A-1. Continued.

A, = 186,0 1b. 7 = 12,6°
Power on Power off
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AO = 147.5 lb. 7 F AO
Power on

AO = 186.0 lb. T = ¢,5° Ao

FPower on
(f) Speed = 20.0 fps

Figure 10.- Model 161A-1. Concluded.
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